We introduce a new distribution with two parameters called the odd Frèchet inverse exponential (OFIE) distribution. The OFIE model can be more flexible. The cumulative density function (cdf) and the probability density function (pdf) are investigated. Some of its statistical properties are studied. The maximum likelihood (ML) estimation is employed for OFIE parameters. The importance of the OFIE model is assessed using one real data set.
Introduction
The one parameter exponential (E) distribution describes the time between events in a Poisson process. Its discrete analogue is the geometric distribution. Apart from its usage in Poisson processes, it has been used extensively in the literature for life testing. The E distribution is memoryless and has a constant failure rate; this latter property makes the distribution unsuitable for real life problems with bathtub failure rates (see Singh et al. [16] for details) and inverted bathtub failure rates, hence the need to generalize the E distribution in order to increase its flexibility and capability to model some other real life problems.
Keller and Kamath [6] studied the inverse exponential (IE) distribution. It has an inverted bathtub failure rate and it is an important competitive model for the E distribution. It has been identified and discussed by Lin et al. [10] as a lifetime model. If X is a non-negative E random variable, then the distribution of a random variable Y = 1/X follows an IE distribution. Hence, if X denotes a random variable, the cdf and pdf of the IE distribution with a scale parameter α are respectively given by In the last years, in the literature some statisticians attempts to increase the modeling capacity of the IE distribution. Beta IE distribution is studied by Singh and Goel [15] , Kumaraswamy IE is studied by Oguntunde et al. [11] , Oguntunde et al. [12] proposed transmuted IE distribution, Oguntunde et al. [13] introduced exponentiated generalized IE distribution, and Weibull-inverted exponential distribution is studied by Oguntunde et al. [14] . Recently, odd Frèchet generated family of distributions (OF-G) has been proposed by Haq and Elgarhy [7] . The cdf and pdf of OF-G are
where g (x : ξ) considers a pdf of baseline distribution. Hereafter, a random variable X with density function (1.4) is denoted by
In this article, we introduce a new lifetime model called the OFIE distribution. This paper is arranged as follows. In Section 2, we study the OFIE distribution. Statistical properties are calculated in Section 3. In Section 4, The ML method is applied to calculate the estimates of the model parameters. Simulation results are carried out to estimate the model parameters of OFIE distribution in Section 5. The analyses of one real data set is employed in Section 6. Finally, conclusions are appeared in Section 7.
The OFIE model
The cdf of OFIE distribution with set of parameters ϕ = (α, θ) is obtained by substituting (1.2) in (1.3) as follows
By inserting (1.1) and (1.2) in (1.4) we get the corresponding pdf to (2.1) which is given by
Also, the survival function (sf), hrf, reversed hrf, and cumulative hrf of X are given, respectively, as follows:
. Figure 1 shows some descriptive pdf and hrf plots of X ∼ OFIE (ϕ) are illustrated below for specific parameter choices of ϕ.
From Figure 1 , we conclude that pdf of OFIE distribution can be uni-model, decreasing and right skewed. Also, the hrf of OFIE distribution can be J-shaped, decreasing and increasing as seen from Figure  1 . 
Some fundamental properties
Some fundamental properties of the OFIE distribution are obtained in this section.
Important representation
In this subsection important representations of the pdf and cdf for OFIE distribution are studied. Haq and Elgarhy [7] expressed the equation (1.4) as
By inserting equations (2.1) and (2.2) in equation (3.1) we can rewrite the OFIE as a linear combination of IE distribution as
where w k = αη k .
Moments
If X has the pdf (3.2), then its r th moment can be calculated from the following equation
Then, µ r becomes
The moment generating function of OFIE distribution can be calculated from the following equation
The incomplete moments, say ϕ s (t), is
Using (3.2), then ϕ s (t) can be written as follows
where ν (s, t) = t 0 x s−1 e −x dx is the lower incomplete gamma function. Further, the conditional moments, say τ s (t), is given by
Hence, by using pdf (3.2), we can write
where Γ (s, t) = ∞ t x s−1 e −x dx is the upper incomplete gamma function.
Quantile function
The quantile function, say Q(u) = F −1 (u) of X is given by
where, u is considered as a uniform random variable on the unit interval (0, 1). The median (M) can be calculated by setting u = 0.5 in (3.4). The M is given by
ML estimation
Let X 1 , . . . , X n be observed values from the OFIE distribution with set of parameters ϕ = (α, θ) T . The total log-likelihood function for the vector of parameters ϕ can be expressed as
The elements of the score function U(ϕ) = ( U α , U θ ) are given by
, and
Then the ML estimators of the parameters α and θ are obtained by setting U α and U θ to be zero and solving them. Clearly, it is difficult to solve them, therefore we apply the Newton-Raphson's iteration method and use the computer packages such as Maple or R or other software.
Simulations
A simulation result is assessed to evaluate and compare the behavior of the estimators with respect to their mean square errors (MSEs). We generate 10000 random samples X 1 , . . ., X n of sizes n = (30, 50, 100) from OFIE distribution. Six selected sets of parameters are considered as: set 1:(0.5, 0. The ML estimates of α and θ are calculated. Then, the MSEs of the estimates of the unknown parameters are calculated. Simulated outcomes are listed in Table 1 and the following observations are detected. The MSEs decrease as sample sizes increase for all estimates. 
Application
In this section, we give an application to a real data set to evaluate the flexibility of the OFIE model. In order to compare the OFIE model with other fitted distributions, we compare the fits of the OFIE distribution with the beta generalized inverse Weibull geometric distribution (BGIWGc) (Elbatal et al., [5] ), McDonald log-logistic (McLL) (Tahir et al., [17] ), McDonald Weibull (McW) (Cordeiro et al., [4] ), new modified Weibull (NMW) (Almalki and Yuan, [3] ), transmuted complementary Weibull-geometric (TCWG) (Afify et al., [1] ), beta Weibull (BW) (Lee et al., [9] ), and exponentiated transmuted generalized Rayleigh (ETGR) (Afify et al., [2] ) distributions.
The data set is taken from (Gross and Clark, [6] ) on the relief times of twenty patients receiving an analgesic.
The ML estimates along with their standard error (SE) of the model parameters are provided in Tables  2 and 3 . In the same tables, the analytical measures including Anderson Darling statistic (A * ), Cramér-von Mises statistic (W * ), Akaike Information Criterion (AIC), corrected Akaike information criterion (CAIC), Bayesian information criterion (BIC), and Hannan-Quinn information criterion (HQIC) are presented. Table 2 lists the MLEs of the model parameters and their corresponding standard whereas errors the values of −2 log L, AIC, CAIC, HQIC, A * , and W * are given in Table 3 . Table 3 compares the fits of the OFIE distribution with the other known distributions. Table 3 shows that the OFIE model has the lowest values for AIC, CAIC, HQIC, A * , and W * among all fitted distributions. So, the OFIE is the best model. The fitted pdf and pp plot for the OFIE model are displayed in Figure 2 . Figure 3 shows the estimated cdf and sf for the OFIE model. From these plots it is evident that the OFIE model provides close fit to the data. 
Conclusions
In this article, we study a new two-parameter distribution named the odd Frèchet inverse exponential (OFIE) distribution. We derive explicit expressions for some of its statistical properties. We derive ML estimation. Simulation results are carried to evaluate the accuracy and performance of different estimators. The OFIE model provides better fits than some other competitive models using a real data set.
